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An -esti&tionhasbeenmadeintheLangley7- byl~foottunnel
todeterminethedownwashanglesandthedynamic~ressureratiosbehind
wingsofvarioussweepanglesendaspectratios,andtheaerodynamic
forcecharacteristicsofthewings.A briefdiscussionofsomeofthe
effectsofthemore~ortaqtvariablesispresented..

Thewakecenterlinebehind.sweptforwardwingswasfound.tobe
locatedhigherthanthewakecenterlinebehind.sweptbaokwings.A
lowtailpositionappearstobemoststabilizingforallconfigurations .
investigatedwiththeexceptionoftheshorttaillength’behindthe
unsweptwingatenangleofattackof16°. Atlowtailpositionsend
lowanglesofattacktherateofchangeofdownwash anglewithangle
ofattackticreasesassmepbackdecreases.Athighjailpositions
andhighsnglesofattackthereversetendstobetrue.

\

..

IIiTRoDucTIolv

thattheuseofsweptbackTheanalysisofreference1 hasshown
wingsforhigh-speedaircraftcangreatlyextendtherangeof;light
Machnumberattaimiblebeforetheonsetofseriouscmpressibil.ity
effectsonthewings.Theresultingrealizationbydesignersofthe
possibili@ofattahingsupersonicspeedsin-flightwithoutserious
conpressibili~effectshascausedgreatinterestintheuseofswept-
baokwingsanda greatdemandfordataontheiraerodynamicchemcteristics
throughoutthespeedrange.Ihresponseto.thisdemand,thelTationsl,
AdvisoryCcmmitteeforAeronauticshas&qplieddataonthestabili=
andcontrolcharacteristicsofsweptwingsatlowspeedsinreference2
andanotherNACApaperof13miteddistribution.Alsoa collectionend
QSiS ofS_ba*iC km@tUdiRd stabili~characteristicsaregivenin
reference3.

Datapresentedinreference3 indicatedthattheadditionofa
horizontaltailbehinda sweptbackwingmaybedestabilizingforsome ‘
valuesoftherateofchangeofdownwashanglewithangleofattackat

.. thetaillocation.Becausetheneedfordatarelativetodownwash

.
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2 MACATNI’?o.1703

behindsweptwingswasurgent,aprelimlq investigationwasmade.
~esepreliminaryresul-tsaregiveninreferencek.

ThepresentpaperpresOntstheresultsofanextensivesurvey
ofdownwashbelulndsweptwings.Dataconcerml.ngdomwashbehm
sweptforwerdaswellassweptbackwingsareincluded.Thispaper
alsopresentssurveysofdmamimressureratiobehindthesweptforward
andsweptbackwings.ThewingsusedforthisimestigationvazgIn
sweepfrom600to-60°.Thesurveyencompassesaregionextending
fromtheplaneofsymmetzTtobeyondthetipinthespanwisedirection
andextendingchordwisesevennormalchordsbehindthequex+emhord
lineofthewing.Thesurveysweremadeina hw=speedtunuelata
speedofapproximately80milesperhour.

Theaerodymmiccharacteristicsofthewings,asdeterminedby
force

CL

%

%

c

A

measurements,arealsopresented.

C(lEl?FICIEN!lEANDSYMBOLS

liftcoefficient(Lift/qS)

dragcoefficient(Drag/@)

mit~nt coefficientaboutqmter chordofwing
mean-aerodynamic

free-streemaynelnic

@mmic pref3surein

chord(Pitcklngmment/@E)

()
PT2pressure,poundspersquarefoot ~

regionbehindwing,puuudspersquarefoot

massdensityofair,slugspercubicfoot

airvelocity,j?eetpersecondi
wingarea,squarefeet

wtngmeanaerodynamicchord,feet(seine.as c foreach
respectivemodelsincemodelshaveconstantchord)

chordofmodel,feet(chordmeasuredparalleltoairstream)

angleofsweepof
issweptback)

*asPect ratio

* SPSR,feet

leadlngedge,degrees(positivewhenwing

()
E
s

#
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h horizontal-tailpositionwith
extended,positiveupward,

a angleofattackofwingchord

respebttowing
Semispane

line,degrees

E angleofdownwash,positiveindownditiection
torelativewind,degrees

AG jet+ounderycorrectiontodcwnwash

Liftandpitch~nt pmmeters:

3

chordplane

withrespect

c~ ()Cm-Lvariationofliftcoefficientwithangleofattack ~ .

d%
~ veriationofpitchin@nomentcoefficientwithliftcoefficient

MODELSANDAPPARATUS

Models,,

Detailsofthemcdelsareshowninfigure1. Theirprincipal
geometriccharacteristicsarepresentedintableI. Themodelswere
madetotheIllM2A001!5&oil contour,perpendiculartotheleadingedge.
Themodelsweremadeoflaminatedmahoganybondedandscrewed.toa
heavysteelEper.Thissparwasnecemxqytominimizedeflectionunder
load.Nogecmetrictwistwaspresentinanyofthemodels.

-+essw-mey Appsratue

Allthedownwash anddynsmic+preseuredatapresentedinthis
paperwereobtainedbytheuseofa multiple-tuberelse.(Seefig.2.)
Thepitchheadsofthisrakeweredesignedtohavethepitch+measuring
openingsofeachheadasclosetogetheraspossible,sothatthe
detrimentaleffectofa steeppressuregradientonthecorrectangle
readingwouldbe~zed. Detailsofoneofthepitchheadsareshown
infigure2(c).Becausea largepartoftheregionsurveyedwasinthe
tipvortexbehtndthewing,it-wasnecess~tomaketherekesensitive
toanglesofairflowh thepitchdirectionbutinsensitivetoalrflow
intheyawdirection.Byusingtheslatsshowninfigures2(a)and2(b)
toforma nozzlewitha 2:1convergence,therakewasmadeinsensitive
toyawflowatsmall.anglesofyaw. Themaximmuangle-of-=pitcherror-
causedbyairflowsyawed20°isbelievedtobeapproximately1°. Any
detrimentaleffectsontotel-pressure,statiqressure,endangle-cf-
downwashreadingsresultingfromthepresenceoftheslatsweretaken
careofbythecalibrationoftherakeunderkn&n conditionsoftotal
pressureanddymmicpressure.

—- .—-— . . . .. ..—. -— -.. -—..— -——-— -—.- - —.. . .— ---------- - .
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Thefolluwingta%le
models;dynamicpressure
lencefactorisconstant

span
(m.)

60

60

60

60

60

30

52

52

30

30

TESTSAN DRESUL!IS

TestConditions

summarizesthetestconditionsforthevarious
isconstantata valueof16.37andtheturbu--.
ata valueof1.6:

sweepof
leading edge

(deg)

o

30

30

60

-60

0

30

-30

60

i

Aspect
ratio

6.0

5.2

5.2

3.0

3.0

3.0

4.5

4.5

1.5

I 1.5

chord
(w:.;.)

.

10.000

U .547

11.547

20.000

20.000

10.000

11.547

-11.547

20.000

20.000

TestReynolds
number

(al

0.620x 106

.720

.720

1.240

1.240

.62d

.720

.720

1.240

1.240

aReynoldsnumberbased.onmeanaerodynamicchord.

Themodelsweremountedsothatthestrutsupportedthemodel
8 inchestotheleftofthemodelcenterline.(Seefigs.land 30)
Thisoff-centermountingwasusedtoreducethestrutInterferencein
thecente~l~ SUZ-VWS,andalsotoallowtheweightazldairlods
ofthemodeltohe supportednearerthecenterofthefore-and+
dimensionofthemodelandthusreducedeflectionsofthestrutin
pitch.

Test&ocedure

Forcetests.-Forcetestsofthemodelsweremadefromsnangleof d

attackofOotostellingangleof-attack.

-—— —...—. -———--—— —--— --——. ----
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Dowwash surveyH~-TheaownwashEdmveye
withtherake hela normeltothechordp+aue
Thesurvey-r~epositionsareshownforeach

5

weremade behindeachmodel “
ofthemoael.(Seefig.3.)
modelina figurepreceding

thedownwashanddynamic=pressure-ratiocontourfiguresforthatmodel.
(Seefigs.10,13,16,19,22,25,28,31,34,and37.) -The surveyfor
eachmodelincludal25positionsoftherake exceptwhenthemodelorthe
structureofthetunneltiterf’eredjasforthehighlyswepthighqect—
ratiomodels.Ther*e waslodmtl togivea surveycoverage&cm
12inchesabuveto2 inchesbeluwthechordplaneinordertocoverthe

. regionofqectetitaillocations.Afterthesurveysweremadeforthe
variousanglesofattackofthewing,thesameprocesswasrepeateawith
Wingrmeaandmountingstrutinplacesothatthechangeinflow
resultingfhcmthepresenceofthewingitselfcoula.befoundbysub-
traction.AllsurveysW&e madebychangingtheangleofattackofthe
surveyraketoagreewiththatofthemodel.Allsurvey&atawere
recordeabyphotographingamultituheinclinesmancmeter.

Inthepresentationofthedatathesurveyplanesareshownlocatea
withrespecttotheGhordplaneatallanglesofattack.Theabscissaof
eachcontourplotislaihioutwithrespecttothequarter-chordpointof
thewingatthespsnwisestationbeingconsideredandnotwithrespect
tothequarte~hordpointofthemeanaerodynamicchordofthewing.
Forthe600sweptwingsthefirst~ ofthespanwisesurveystations
fe13withinthemodelad couldnotbeuseil.Thedistancefromthe
q-temhord pointoftheman aerodynamicchordtoanypointgiven
onthec.ontomplotscanbefoundbytheuseofthevaluesh table1. ,

Corrections

T!Z.- me force-testdatahavenotbeencorrected.fortares.
The“win@n - w~ut” methodofobtaidngthecontourdatabysub-
tractionshoullpertlycorrectforstrutinterference,.leavingonlythe
mutualinterferenceofwingandstrutuncorrected.Thismutualinter-
ferencehasbeenfoundh thepasttobesmall.

Jetboumdary.-Thejet+om correctiausapplieatotheforce-
testdataarepresentedtitableII. Thevaluesof CL and a shown
onthecontourplotsofdownwashangleand@amic-pressureratioare
valuesread fromthecorrecteaforce–testdata.-Thesejetibom
correctionsforeachsweptwingwerecalculatebyassuminga straight
rectangularwingwiththesamespanandaspectratioasthesweptwing.

Jet+o_ correctionswerenotappliedtothe&xmwashvalues
givenInthecontourplots.Fortheinformationof-theuserofthe
downwash&ata,however,figure4 ispresented.Thecurvesoffigure4
werecoqxzteafromrefarence5,takingintoaccounttheeffectof

sweep,and.giveAGm
%

alongthewingcenterlineinthechordplane

.,
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foreachofthetenwingstestedfor0°angleofattack.Ananalysisof
scamqniblishedboundery-tiuced-upwashcalculationsindicatedthatthe
correctionfactoryresentedinfigure4 will beconstantuvertailspans
upto1wingsemispanendwillvery”lessthan5 percentatthetipofa
tailofspanequalto2w@g smlspans.Thecorrectionfactorwill
probablybewithin10percentforallthewingsatellenglesofattack
andtailheightspresentedexceptthe60-inch~an,60°sweptwingsat
anglesofattackgreaterthan
shouldbecalculatedbyusing
forthedesiredtaillocation
thecontourplot.

170. (Seereference-5.) The-corre~tion
the@nami*pressureratiofromthecontours ‘
andthenaddedtothevalueof e foundon

Accuracy

Itwasrealizedthathighdynamic=pressure-ratioslopeswould
influencetheaccurawofthedcwnwashdata.Theslopeswerecomputed
tofindthevalueswhichwould.caxmeerrorsof1/2°andof1° (determined
fromceli%rationcurvesandgeomelx!yoftherakepitchheads).By
ccnrpe3isonofthedynsmiqressure=ratiocrossplot-swiththesecalcu-
latedslopes,itwasfounllthatforthehighestslopesinthewingwske
theerrorwaslessthan+l”. Inotherregionstheerrorisbelieved
tobesmaller.

The@namic=pressure+ratiocontowsarebelievedtobeaccurate
within+mrcentshcetheratioisdetemined-lzrdivisionof“wimz+n”
readingsb;“~t” readingssothaterrorsof-
he~zed;

PresentationofResults

Thedataarepresentedinfigures5 to44in
force-testdata,,sHey*ta, * mdysis plots.
surveydataarema-d * tableZU.

DISCUSSION

ForceData

me pitching+mmntdata(fig=.6, 7, 8, and

rakeindicationshould

threegeneralgroups:
Force-testdataand

.

9) revealchangesin
thepitc~t curvesatavalueof ~- -ofabout0.6,especially
forthehighlyswept-s ofhighaspectratio,causedbya shiftof
liftloadtuwemltherootsectiononsuepthackwingsanda shiftof
liftloadtowardthetipsectiononSwepiiforwardwings.Reference4
indicatesthatthisshiftofliftloadhasa pronouncedeffectonthe
variationofdownwashenglewithangleofattackresultinginlarge
changesof ~.

—.. .—-...——— .--- —-- -.......
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KU straightandswep~backwingspresentedin
pitch~ ntcharacteristicstiaccordancewith
ratioagainstsweepbackfoundinre$?erence3. The

thispaperhave
thechartofaspect
possibleapplication

ofthecharttosweptforwardwings* notdiscussedinreference3. A
studyoffigures7 and9, huwever,revealsthatthechartofreference3
wouldapplyto~othsweptbackandsweptforward@rigswithoutanychange
exceptforthesignoftheangleofsweep.

Thefollowingtableshowsthevariationof c% a * with

sweepasdeterminedbytheforcedatapresentedinthispaper.The
slopesweremeasuredthrougha smellangle-ofattackrangenearzero
lift.

Sweep
(dOg)

-60

-60

-30

-30

0

0

30

30

60

60

60

30

60

52

60

30

.60

52

60

30

Aspect
ratio

3.0

.1.5

5.2

4.5

6.0

3.0

5.2

4.5

3.0

1.5

cLa
(perdeg)

0.034

.028

.O*

.052

.063

.046“

.061

.059

.036

.032

!%9
“ dcL

4.204

-.105

-.070

-.047

.036

.020

.075

.080

.030

.003

% itappearsthatsweepforwardFromthetableofvaluesof .-

causesa pronouncedrearweMshiftoftheaerodynamiccenter.Ehreptback
wingssh& onlya slightfo&nzrdshiftofthea&odynamiccenter.

Thevaluesof % asobtainedfromfigures6 to9 forsweptwings
areinsomecasesingoodagreementwiththetheoreticalvaluesb
figure4 ofreference6; huwever~severaloftheveluesdonotagree.
Itisbelievedthatthetaresresultingfromthestrutmountingonthe
leftwingpanel,ifapplied,wouldleadtocloseregreement.

. . - —.. --—-— - -—-—------ —.-——. -——— .>—.. ——— -— ----.-—-——
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Thetatleofvaluesof C& showsthat
direction,reducesG&. Sweptforwsrdwings
lowervaluesof Ch thansweptback_.

surveys ●

I?ACATNNO. 1703

sweep,regardlessof
areshowntohaveslightly

DownwE@.-Figures40and41givethespanwisecontoursofdownwash
andwakeinaverticalplanethroughanerlitrerytaillocationbehind
thesweptandunsweptwings.Thistailwasassumedtohavethesame
sweepasthew5ngendtobelocatedthesameactualdistancebehindall.
ofthe_. Thisdistancewas2 semispansbehindthequarte=hord
lti ofthe30-incb+panwingsand1 semispanbehindthe@erte~hord
lineofthe60-inc@sn_. Theeffectofsweepatconstantlift
onthespenwisedistributionofduwnwashatthisassumedtaillocation‘
forwingsofaspectratio3maybefoundinfigure@(a). Thespamwise

owbwashshowtheexpectedmaximumdownwashcontoursofd anglebehind
therootofthesweptfcmwardwingand%ehindthetipofthesweptback
wing.Theunsweptand600sweptbackwingshavelargedownwashangles
behindthetip,anda somewhathigherlocationofthewakecenterline
withrespecttothechordplanethanthe600sweptforwardwing.These
largedownwaahanglesnearthetipoftheunsweptandsweptbaokwings
areprobablyaresultofthehighrelativetiploadingencounteredon
thesewings.

Figure41(a)givestheeffeetofsweeponthespanwisedistribution
h behindwingsofthesamebasicpanelunsweptandsweptforwardofduwnwaa

andback60°.Thebasicpanelconceptgivesanaspecfiatiovariationof
from6 fortheunsweptto1.5forthesamepanelswept600eitherforward
orback.Thislowvalueofaspectratioisbelievedtobethecauseof
thefactthattherearehighanglesofdownwashnmr thetipoftheswepk
forwardwingaswellas,attherookwherehighdownwash anglesare
expected.Thesweptbackwinggivestheanticipatedhighdownwashangles
behindthetip,buttheregionofhighestanglesoccursnearerthetip
thanfortheswept%ackwingofaspectratio3 shownin figure@(a). It
appearsthatbothsweptforwardandswept%ackwingsoflowaspectr&tio
havemorepronouncedtiploadingthanthoseofhigheraspectratio.

Wake.- Thelocation,meamredfromth~chordplane,ofthewake
centerlineintheplaneof-try behtisweptforwardwingsisfound
tobehighatmediumanglesofattack,andthisvertical.location’
increasesrapidlywithangleofattack.(Seefigs.18(a),24(a), 33(a),
and3$l(a).) Ontheotherhand,thelocationofthewakebehindswept-
backwingswasinthechmdplaneorjustbelowthechordplaneinthe
planeofsymmetryandah- onlya slightupwardshift@ locationwith
angleofattack.(Seeftgs.15(a),=(a),30(a),~ 36(a).)

InthewakelxW.ndsweptforwardwingsvaluesof q/~ arelawin
theplaneofsymme+~butincreaserapidlyt6wardthetip.Sweptback‘

-.-— —.—. .-- .-—. . . ..- =-—.-. —.. . . . . ~ -—- —- — —.—-—-..”- .. . . . . .
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wings,however,producevaluesof q/q.whicharefairlyhighinthe
wakeattheplaneofsymmetryanddecreasetowenithetip.

Thecoigxarisonofthewakebehindunsweptand600swaptwingsat
constantliftendaspectratiopresentedinfigure~(b) showsthesame
trendsasdiscussed.previously,thatis,highlocaticmoflowenergywake
behindcenterofsweptforwardwings,andtheSaUMbehindtipsofwings
sweptback60°.Figurekl(b)doesnotpresentascleara pictureas
figure@(b);however,thetrendisthesame.Thislow+mergyregion
behindthecentersectionofsweptforwardwingsandbehindthetip
sectionofsweptbackwingsisprobablycausedm thetransverseflow
ofairinboardforthesweptforwsrdwingandoutboardforthesweptback
wing, ,

Stabili@.-Someavailabledataonsweptbackwings(referencek)

indicatethatradicalchsngesin & occurincertdnregionsbehind

thewing.Itwasfoundfrcmthedatashowninthepresentpaperthat
sweptforwardwingsaswellasSweptbackowingsproducedradicalchanges

L plottedqyainstthedistanceofanassumedin ~. Figure42shows~
horizont~-tailpositionfromthewingchordplaneextended.Twovalues
oftaillengthwereused,measuredfromthequarte=hordpointofthe
meanaerodynamicchord,whicharebelievedtobracketthetailpositions
ofmodernswepm airplanesforwhichgeometricdatasrenuwavailable.
Onlyunsweptd600 sweptforwardandsweptbackwingswithaspectratio
of3wereconsidered.Thedata,presentedattwoanglesofattackand
for”twospauwisestations(inplaneof_tq and1/3semispanf@m
planeofsymeti),have~eencorrectedforjet-bou@aryeffectsas
presentedinfigure.4 andreference5. Thedatafidicatethatthe
lowesttailpositiontendstogivetheluwest,thatis,moststable,

Vslueof & A notableexceptiontothetrendisevidentforthe

shorttaillengthbehindtheunsweptwing,particularlyatthesngleof
attackof16°. Fortheshorttaillengthbehindtheunsweptwingthe
highesttailpositiongavethelowestvalueof ~. Ingeneral~

da
increaseqassweep,decreases.Exceptionstothistrendaremostnumerous
forthelongertaillengthcoupledwiththehighangleofattack.There
isalsoa slighttendencytowardviolationof&is trendforthehigher
tailpositions.I h general,thelowtailpositionappearstobethemost
stableforbothunsweptand60°sweptwings.

\ PictqialRepresentation

Isometricrepresentationsofanglesofdownwashbehindthe30-inc.h–
spsnwingssregiveninfigures43and44forthestraightrectangular
wingandthe600sweptbackwing,respectively.Onlythedownwashsheets

..
,
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behindtherighthalfofthew- aresh~ asthedownwashpattern
behindthewingisassumedtobesymmetrical.Also,thedatapresented
inthesefigurescoveronlyabout0.8ofthesemispansincethedown-
washanglebecomesnegative&cm theretobeyondthetip.Thedata
presentedwereobta.inedwiththewingatanangleofattackofabout8.1°
asthatseemedtobea ccmqnxmisebetweenpresentingtooshplea picture
ortooconfusinga picture.Onlydownwashan@esof2.oo,4.00,and6.00
areshown.Thehea~ dottedlinesshowtheshapeoftheuppersurfaceof
thedownwashsheetsateachofthechordwisestationsindicated.The
lightdottedlinesshowtheshapeofthelowersurface.

for
air

CONCLUSIONS

Thedataobtainedfromforcetestsanddynami~ressurewakesurveys
tenmodelshavingvariouaanglesofsweepinlow-speedthree-dimensional
flowindicatethefollowingconclusions:

1.Thewake-center-linelocation(measuredfromthechordplane)
behindsweptforwerdwingswasfoundtobehighwhereasbehindsweptback
wingsitwasfoundtobeinthechordplsneorJustbelowthechordplane.

2.Thesweptforwerdandeweptbackwlngsshowtheirgreatestwake
energylossattheplaneof

3. A lowtailposition
investigatedexceptforthe
ande ofattackof16°.
thiscondition.

_tw andatthetip,respectively.

appearstolemoststabilizingforallwings
shorttaillengthbehindtheunsweptwingat
Thehightailpositionwaemoststabilizingfor

4.At shorttaillengthsandlayenglesofattackthe
ofdownwashanglewithangleofattackgenerallyincreases
decreases.At16ngtaillengthsandhighanglesofattack
tendstobetrue.

rateofchange
assweep
thereverse

LangleyAeronauticalLaboratcq
NationalAdvisoryCokmitteeforAeronautics

LangleyField,Vs.,June3,1948
J

c.

———- --- —.—-— —---- -. —------ .-— — -- .-— - -—-— . —.-.—- - -..,--
--- ..: . . . . .



.

lfACATNNo. 1703

.

la

IIEmRmcEs

.

1.Jones,RobertT.: W= PlanFozmsforHi-peed Flight.NACATN
No.1033,1946.

2.Letko,William,andGoodman,Alex:l?relimi~Wind~el Investi-
gationatLowSpeedofStabilityandControlCharacteristicsof
SwepHackWings.NACATNNO.1046,1946.

3.Shortal,JosephA.,andllaggin,Bernard:EffectofSweepbackand
AspectRatioonhngitudind.StabilimCharacteristicsofWings
atLowSpeeds.NACATNNO.1093,1946..

4.Purser,PaulE.,Speerman,M.Leroy,andBates,WilliamR.~
Preliminary~vestigationatLowSpeedofDownwashCharacteristics
ofsmall-scaleSweptbackW-s. NACA,TNNo.1378,1947.

5. Gillis,ClarenceL.,Polhamus,EdwardC.,andGrey,JosephL.,Jr.:
ChartsforDeterminingJet-oundq CorrectionsforComplete
Modelsin7-byl~oot ClosedRectangularWind!Ibnels.
NACAARRNO.L5G31,1945. .

6. Toll,ThomasA.,andQueijo,M.J.: ApproximateRelationsendCharts
forLow-SpeedStabilityDerivativesofSweptWings.NACATN
No.1581,1948. ,

.

..- . . .. -. - -- —--- — —-—— --—. —. ..- .—.— _—-..—



. . . . . ----- . . .. .. -.,...—. _

1.2.

TAE!LXI.-GEoMETRYoF!llU?lMolE!IS

.

NACATNNO. 1703 .

.

[NACA0015airfoilsectionh planeperpeni$iculerto
wingleading edge for w models]

span
(in.)

60
I

60

60

60”

60

30

52

52

30

30

Sweep
(deg)

o

30

30

60

-60

0

30

-30

60’

-60

A8pect
ratio

6.0

5.2

5.2

3.0

3.0

3.0

4.5

4.5

1.5

1.5

10.00

SL.55

11.55 .

. 20.00
.

20.00

10.00

11.55

=.55

20.00

20.00

(s5:.).
600.0

692.8

692.8

1200.o

1200●o

300.0

600.0
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